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The seasonal pattern of assimilate translocation of in situ Rubus 
cuneifo/ius plants was determined using 14C-sucrose. Since the 
top growth undergoes a biennial growth cycle, first year sterile 
plants (primocanes) and second year fruit bearing plants 
(floricanes) were studied. In the primocane plants maximal 
acropetal transport of tracer occurred in early and midsummer dur-
ing active extension growth , while maximal basipetal transport into 
the root system was found in late summer. During summer, 
assimilates in the floricane plants are translocated to the newly 
developed replacement canes; shoots which grow from the base of 
the existing canes during spring. 
At a stage when the replacement canes become the dominant 
canes on the f loricane plants i.e. after completion of fruiting of the 
floricanes, maximal basipetal translocation of assimilates into the 
root system occurs. Based on the assumption that foliar applied 
systemic herbicides are translocated in the phloem of plants along 
with the assimilates , projections are made as to when herbicides 
should be applied to ensure optimal basipetal translocation to kill 
the extensive perennial root system of R. cuneifolius plants. 
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Die seisoensverspreiding van assimilaat translokering in Rubus 
cuneifolius plante is bestudeer deur gebruik te maak van 14C-
sukrose. Daar die loofgroei van die plante 'n tweejarige siklus het, 
is beide eenjarige vegetatiewe lote en tweejarige reproduktiewe 
lote gebruik. In die vegetatiewe lote is radioaktiewe verbinding(s) 
gedurende vroee- en middel somer, dit wil se wanneer aktiewe 
verlenging plaasvind, grotendeels akropetaal vervoer. Maksimale 
basipetale vervoer na die wortelsisteem is gedurende laat somer 
waargeneem. In die reproduktiewe lote is assimilaat gedurende 
somer na die nuut ontwikkelde vervangings lote, wat in die lente 
vanaf die basis van die bestaande lote spruit , vervoer. Wanneer die 
vervangings lote die dominante lote word op die reproduktiewe 
plante, dit wil se na die voltooiing van vrugvorming en vrugontwik-
keling , het maksimale basipetale vervoer van assimilate tot in die 
wortelsisteem voorgekom. Gebaseer op die aanname dat 
sistemiese onkruiddoders wat as 'n blaarbespuiting aangewend 
word met die assimilaat stroom deur die floeem van plante vervoer 
word , kan sekere projeksies gemaak word ten opsigte van die 
mees geskikte tyd vir die aanwending van onkruiddoders ten einde 
optimale basipetale vervoer na die wortelsisteem te verseker. Deur 
sodanige vervoer te bewerkstellig bestaan die moontlikheid om die 
goed ontwikkelde meerjarige wortelsisteem van R. cuneifolius 
plante te dood. 
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Introduction 
Rubus cuneijofius Pursh, commonly known as bramble, 
was imported into South Africa in ca. 1900 for the purpose 
of making jam from the berries (Wager 1947). The ap-
parently optimal environmental conditions for development 
in Natal, combined with the lack of natural competitors and 
predators, have resulted in this species becoming a 
flourishing weed. Consequently bramble was proclaimed a 
noxious weed in South Africa in 1962. As yet the control 
measures employed for its eradication have not been en-
tirely successful since the area of infestation appears to be 
increasing. 
Numerous herbicides have been tested for the control of 
bramble in South Africa (Egberink 1965; Haigh 1979) and 
Rubus weed species in Australia and New Zealand (Richard-
son & Amor 1975; Richardson 1980; Thompson 1977). 
Results obtained have indicated that sublethal amounts of 
herbicide are translocated into the extensive root system of 
this plant. The root system growing from the root crown 
consists of a relatively small tap root with lateral roots and 
vigorously growing horizontal roots which lead in all direc-
tions just below the soil surface and reach up to 10 m in 
length. Morphological and anatomical studies have shown 
that numerous dormant vegetative buds are situated on the 
crown and roots . It is from these buds that vegetative 
regrowth occurs following inadequate herbicide applica-
tions. As a result, respraying in subsequent years is necessary 
and thus control costs escalate. Since evidence suggests that 
foliar applied systemic herbicides are transported along with 
assimilates in the phloem of plants (Crafts & Crisp 1971; 
Richardson 1977), it was decided to investigate the seasonal 
assimilate translocation pattern of bramble in an attempt 
to improve existing control measures. The time at which 
maximal basipetal transport into the root system occurs 
would indicate the most effective time for optimal trans-
port of foliar applied systemic herbicide into the root sys-
tem. 
Materials and Methods 
Experimental site, plants and treatment times 
The seasonal assimilate translocation pattern was deter-
mined in naturally occurring plants in situ in Cedara forest 
located 20 km north of Pietermaritzburg, Natal. The bram-
ble plants at the site had been slashed off at ground level 
to form a firebreak, but by the commencement of the ex-
periment new primocanes had regrown. 
Since bramble top growth undergoes a biennial cycle (see 
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discussion), plants were treated at approximately two month 
intervals to include the various developmental stages. At 
each treatment time three plants of similar morphological 
appearance and size were selected for treatment as described 
below. Primocane plants were treated in March 1981, July 
1981, September 1981, December 1981 and February 1982 
to complete an annual cycle. The floricane plants were 
(vi)---, 
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treated in September 1981, December 1981, February 1982 
and April 1982. No floricane plants were treated in the 
winter of 1982 as all the leaves had abscissed. 
Application of radioactive compounds, sampling and 
radio-assay techniques 
In all cases the first leaf below the 5 em cane apex of the 
(i) 
(iii) & (iv) 
Figure 1 A typical Rubus cuneifolius plant showing the position of the treated leaf and the portions radioassayed: (i) apex (ii) treated leaf [;:;] (iii) cane 
(iv) leaves (v) crown ~ (vi) roots 0 and (vii) root apices •· At certain stages of growth other samples included the replacement cane(---), fruits and 
adjoining roots. 
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experimental plants was treated (Figure 1). Treatment con-
sisted of wetting the adaxial surface of this leaf to near run-
off with 0,250"/o (v/v) Polyoxyethylene sorbitan monolaurate 
(Tween 20) (Richardson 1980) prior to the application of 
8 mm 3 t4C-sucrose (specific activity 45,10 MBq mg - t) to 
the leaf surface with a microsyringe. 
After 72 h incubation the plants were harvested. Firstly, 
the treated leaf of each was excised and retained separately 
from the rest of the plant material to prevent contamina-
tion. Secondly, the root system of each plant was carefully 
excavated from the soil. The plants were then divided into 
the following plant portions ( = samples) as illustrated in 
Figure I: (i) apex (ii) treated leaf (iii) cane (iv) leaves (v) 
root crown (vi) roots (vii) root apices and (viii) adjoining 
roots. The collection of additional plant samples was 
necessary at certain times. These included fruits and replace-
ment canes. 
The plant material constituting each portion was cut in-
to small fragments, dried for 48 h at 60°C, cooled in a desic-
cator and then massed. The dried samples were ground 
separately with a mortar and pestle (leaf material) or in a 
Thomas-Wiley mill using a 20 mesh strainer (cane, crown, 
and root material). Triplicate 10 mg subsamples of the 
homogenized material were placed in scintillation vials and 
digested with I: I (v/ v) perchloric acid:hydrogen peroxide 
for 3 h at 60°C (Brevedan & Hodges 1978). The vials were 
cooled ( ± 15 min) and then 10 cm3 'Ready Solve EP' scin-
tillation cocktail was added to each vial. The radioactivity 
was determined in a Packard 3880 liquid scintillation 
counter. The results obtained, counts per min (cpm), were 
converted to disintegrations per min (dpm) using the chan-
nels ratio method to rectify counting inefficiency. 
The mean dpm per sample was calculated from the tri-
plicate subsamples. The total recovered dpm per sample was 
calculated using the dry mass of that sample. Therefore the 
total recovered radioactivity per plant (Sandberg eta!. 1980) 
could be calculated. The results presented represent the 
mean percentage radioactivity per sample of the total 
recovered radioactivity per plant (Erasmus eta!. 1982). In 
all experiments three plants were treated and the standard 
errors of the means calculated. 
Results and Discussion 
As is shown by the results in Table 1, radioactivity was 
detected in samples other than the treated leaf, indicating 
that radiotracer was exported following application and 
translocated to other parts of the plants. For convenience, 
the annual trend of assimilate translocation in primocane 
plants will be discussed starting at the September 1981 treat-
ment time. 
Bud burst occurred three weeks prior to the treatment 
of plants in September 1981. As a result the treated leaves 
were immature and no radiotracer was exported. Similar 
results have been obtained for other plant species (Porter 
1966; Wardlaw 1968; Hilll980) indicating that assimilates 
produced by immature leaves are retained for growth of that 
leaf. 
In midsummer, as was the case at the December 1981 
treatment time, active extension growth occurs in bramble 
primocanes. At this time the exported radiotracer was 
transported acropetally to the apex region. Since the direc-
tion of assimilate translocation in plants proceeds from a 
source to sink region (Eschrich 1975; Giaquinta 1980), the 
rapidly elongating apical region of bramble at this time 
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Table 1 Seasonal variation in the percentage of the 
total recovered radioactivity in Rubus cuneifolius 
primocane plant samples 72 h after treatment of the 
fed leaf (first leaf below the 5 em cane apex) with 
0,25% Tween 20 prior to 14C-sucrose application ( ± 
the standard error calculated from values obtained 
for three plants) 
Treatment time and percentage of total radioactivity/ sample 
March July September December February 
Samples 1981 1981 1981 1981 1982 
5 em apex 1,0 ± 0,6 0,4 ± 0, 1 0,0 6,9 ± 3,8 1,8 ± 1,1 
Treated leaf 91,8 ± 3,0 71,9 ± 2,6 100,0 92,2 ± 5,0 83,7 ± 3,2 
Cane 1,4 ± 0,4 13,3 ± 1,6 0,0 0,9 ± 0,6 3,0 ± 1,0 
Leaves 0,8 ± 0,1 0,0 0,0 4,5 ± 0,2 
Crown 0,6 ± 0,1 1,8 ± 0,6 0,0 0,0 1,0 ± 0,5 
Roots 3,2± 1,7 7,3 ± 1,8 0,0 0,0 4,1 ± 0,7 
Root apex 1,2 ± 0,5 2,3 ± 0,6 0,0 0,0 1,2 ± 0,1 
Adjoining 
roots 3,0 ± 1,0 0,0 0,0 0,7 ± 0,2 
formed a major sink region. Consequently no exported 
radiotracer was translocated basipetally to any of the root 
samples. 
After midsummer, active extension growth in bramble 
primocanes is minimal i.e. a period corresponding to the 
February 1982 and March 1981 treatments. At this stage 
the percentage radioactivity detected in the apical samples 
was low compared with that in the root system (the sum 
of crown, root, root apex and adjoining root samples). 
Although translocation of assimilates in plants occurs in 
both acropetal and basipetal directions (Eschrich 1975), the 
results obtained for bramble at this stage of growth, indicate 
that the root system formed the major sink region. There-
fore assimilate translocation was predominantly basipetal. 
In late summer and autumn bramble leaves senesce so 
that by winter very few leaves remain on the plants. This 
was the case for plants treated in July 1981. The results do 
however indicate that at this time any assimilate transport 
is basipetal to the root system of the plants. Although the 
results show that, in comparison with the other treatment 
times, maximal basipetal translocation occurs in winter, the 
total assimilate movement would have been minimal because 
most of the leaves on the plants had abscissed. Consequent-
ly, no leaves were present for radioassay. 
The direction of assimilate translocation in primocane 
bramble plants is therefore apparently determined by the 
relative mobilizing strength of the apical and root system 
sink regions. 
The distribution of radiotracer in floricane bramble plants 
(Table 2) was different from that of the primocane plants 
owing to the different growth stage. 
The plants treated in September 1981 were at a transi-
tion stage of growth i.e. from the vegetative first year's 
growth (primocane) to the flower and fruit bearing floricane 
plants. As described earlier, no radiotracer was exported 
from the treated leaf. 
During spring new canes grow from the base of existing 
floricanes . These are known as replacement canes and form 
the above-ground shoot part on completion of the biennial 
growth cycle of the original primocane. In this study, the 
replacement cane growth commenced in November. At 
treatment time in December 1981, active extension growth 
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Table 2 Seasonal variation in the percentage of the 
total recovered radioactivity in Rubus cuneifolius 
floricane plant samples 72 h after treatment of the 
fed leaf (first leaf below 5 em cane apex) with 0,25% 
Tween 20 prior to 14C-sucrose application ( ± stan-
dard error of values obtained for three plants; a = 
senescent floricane). Since plants treated in 
September 1981 were at a transition stage of growth 
(primocane/floricane), the results are the same as 
those used in Table 1. In April 1982 a leaf on the 
replacement cane was treated because it had 
become the dominant cane on the floricane plant 
Samples 
5 em apex 
Treated leaf 
Cane 
Leaves 
Crown 
Roots 
Root apex 
Adjoining roots 
Replacement cane 
Fruits 
Treatment time and percentage of the total recovered 
radioactivity/ sample 
September December February April 
1981 1981 1982 1982 
0,0 0,3 ± 0,2 0,6±0,1 
100,0 78,0 ± 4,0 72,0 ± 2,3 77,9±2,2 
0,0 6,7 ± 3,1 4,0 ± 0,5 4,0±0,6 
0,0 2,0 ± 1,2 2,3 ± 0,3 4,1 ± 0,8 
0,0 0,0 1,0 ± 0,1 1,8±0,4 
0,0 0,0 6,3 ± 2,2 4,5±2,0 
0,0 0,0 1,3 ± 0,9 1,8±0,6 
0,0 0,0 2,3 ± 1, 1 3,0±0,7 
13 ,0 ± 3, 1 8,7 ± 2,2 2,1 ±0,73 
2,4 ± 1,9 
of this cane was continuing. Furthermore, during the se-
cond year of the growth cycle, the floricane does not in-
crease in length. This situation is apparently reflected by 
the December 1981 results in Table 2. Very little radiotracer 
was detected in the apex sample indicating that assimilate 
translocation was not acropetal. No radioactivity was 
detected in the root samples, therefore translocation was 
not basipetal. The comparatively high percentage radio-
tracer recovered from the replacement cane samples in-
dicates that this new growth formed the sink region, con-
sequently the assimilates were transported here to support 
the active extension growth of this cane. 
By February 1982, the replacement cane had reached ap-
proximately the same size as the floricane which had started 
to senesce at the cane apex. Furthermore fruits had been 
produced. Radiotracer recovery (Table 2) shows that the 
replacement cane continued to form a sink region, but in 
contrast with the December 1981 results, a comparatively 
high percentage of exported radioactivity was detected in 
the root region. The fruits also formed a slight sink region 
at this time. Therefore the assimilates were translocated to 
these regions. 
The replacement cane had become the dominant cane on 
the plants by April 1982; the floricanes, on completion of 
fruiting had commenced senescing and by treatment time 
were in an advanced stage of senescence. Therefore a leaf 
on the replacement cane was treated. The exported radio-
tracer was recovered predominantly in the root region i.e. 
the entire root system forming a sink region . Assimilate 
translocation was therefore predominantly basipetal into the 
roots. 
Assuming that foliar applied herbicides are translocated 
along with the assimilates in the phloem (Crafts & Crisp 
S.-Afr. Tydskr. Plantk ., 1983, 2(3) 
1971; Richardson 1977), certain projections based on these 
radiotracer results can be made for herbicide control of 
bramble. Firstly, in a situation where only primocane plants 
exist, for example where the plants have been burnt or 
slashed, the most effective time for optimal basipetal 
transport of herbicide to the root system would be in late 
summer. The likelihood of the roots being killed would be 
greatest at this time, ensuring that no regrowth occurs in 
subsequent years. Where the bramble infestation consists 
primarily of floricane plants, the herbicides should be ap-
plied in autumn after the replacement canes have become 
the dominant above-ground shoots, but before leaf loss in 
late autumn and winter. Application in midsummer to flori-
cane plants, as generally recommended, would result in good 
kill of the top growth, but very little basipetal transloca-
tion occurs at this time, therefore the root system would 
be unaffected. Regrowth in subsequent years is therefore 
likely to occur. 
Herbicide trials have been planned to test the validity of 
the above projections. 
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